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(54) ACTIVELY CONTROLLED CONTACTING SEAL

(57) A contacting seal for a gas turbine engine (20)
includes a seal seat (60) configured to rotate circumfer-
entially about an axis of rotation (A) and a seal element
(62) configured to contact the seal seat at an interface
surface (64). The seal element is rotationally fixed rela-
tive to the axis of rotation. An actively-controlled actuation
system is operably connected to the seal element to con-
trol a contact force between the seal element and the

seal seat at the interface surface based on a level of
lubricant flow to the interface surface. A method of oper-
ating a contacting seal includes positioning a rotationally
fixed seal element (62) in contact with a rotating seal seat
(60) at an interface surface (64) between the seal seat
and the seal element, and actively-controlling a contact
pressure between the seal seat and the seal element at
the interface surface utilizing an actuation system.
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Description

BACKGROUND

[0001] Exemplary embodiments of the present disclo-
sure pertain to the art of contacting rotating seals for, for
example, bearing compartments of gas turbine engines.
[0002] Bearing compartments require seals to contain
the oil within the bearing compartment, which serves to
lubricate the bearings contained therein. A typical seal
arrangement utilizes a rotating seal seat and a rotation-
ally stationary seal element urged into axial contact with
the seal seat. The seal element is typically a carbon seal.
Coil springs, wave springs, or bellows are typically uti-
lized to urge the seal element into contact with the seal
seat. Additionally, a buffer air pressure acts as an air load
on the seal element and increases a closing force of the
seal element on the seal seat. Friction between the seal
element and the seal seat is alleviated by a flow of oil
between the seal element and seal seat that lubricates
the interface, while still maintaining an effective seal, a
so-called "wet-face seal". Other configurations are dry-
face seals in which oil flows through passages in the seal
seat but does not flow to the interface.
[0003] As engines continue to push pressures higher,
the bearing compartment seals become challenged. Fur-
ther, when an aircraft in which the engine is installed per-
forms maneuvers the supply of oil to the seals can be
interrupted due to oil hiding and/or lack of scavenging.
Oil flow interruption for more than a few seconds can
result in damage to the seal element.

BRIEF DESCRIPTION

[0004] In one embodiment, a contacting seal for a gas
turbine engine includes a seal seat configured to rotate
circumferentially about an axis of rotation and a seal el-
ement configured to contact the seal seat at an interface
surface. The seal element is rotationally fixed relative to
the axis of rotation. An actively-controlled actuation sys-
tem is operably connected to the seal element to control
a contact force between the seal element and the seal
seat at the interface surface based on a level of lubricant
flow to the interface surface.
[0005] Additionally or alternatively, in this or other em-
bodiments the actuation system includes a rotationally-
stationary ramp including a plurality of ramp teeth, and
a rotationally-movable ramp follower including a plurality
of complimentary follower teeth meshed with the plurality
of ramp teeth. Circumferential movement of the ramp fol-
lower in a first direction relative to the ramp urges the
seal element toward the seal seat thereby increasing the
contact force and circumferential movement of the ramp
follower in a second direction opposite the first direction
reduces the contact force.
[0006] Additionally or alternatively, in this or other em-
bodiments a wave spring is positioned between the ramp
follower and the seal element.

[0007] Additionally or alternatively, in this or other em-
bodiments an actuator is operably connected to the ramp
follower and is configured to urge circumferential move-
ment of the ramp follower relative to the ramp.
[0008] Additionally or alternatively, in this or other em-
bodiments the actuator is a hydraulic actuator.
[0009] Additionally or alternatively, in this or other em-
bodiments one or more oil sensors are operably connect-
ed to the actuation system. The contact force is reduced
when the level of lubricant flow is below a threshold.
[0010] Additionally or alternatively, in this or other em-
bodiments the seal element is a carbon seal element.
[0011] In another embodiment, a gas turbine engine
includes a rotating shaft, one or more bearing arrange-
ments supportive of the rotating shaft, and a contacting
seal configured to seal a bearing arrangement of the one
or more bearing arrangements. The contacting seal in-
cludes a seal seat configured to rotate circumferentially
about an axis of rotation and a seal element configured
to contact the seal seat at an interface surface. The seal
element is rotationally fixed relative to the axis of rotation.
An actively-controlled actuation system is operably con-
nected to the seal element to control a contact force be-
tween the seal element and the seal seat at the interface
surface based on a level of lubricant flow to the interface
surface.
[0012] Additionally or alternatively, in this or other em-
bodiments the actuation system includes a rotationally-
stationary ramp including a plurality of ramp teeth and a
rotationally-movable ramp follower including a plurality
of complimentary follower teeth meshed with the plurality
of ramp teeth. Circumferential movement of the ramp fol-
lower in a first direction relative to the ramp urges the
seal element toward the seal seat thereby increasing the
contact force, and wherein circumferential movement of
the ramp follower in a second direction opposite the first
direction reduces the contact force.
[0013] Additionally or alternatively, in this or other em-
bodiments a wave spring is positioned between the ramp
follower and the seal element.
[0014] Additionally or alternatively, in this or other em-
bodiments an actuator is operably connected to the ramp
follower configured to urge circumferential movement of
the ramp follower relative to the ramp.
[0015] Additionally or alternatively, in this or other em-
bodiments the actuator is a hydraulic actuator.
[0016] Additionally or alternatively, in this or other em-
bodiments one or more oil sensors are operably connect-
ed to the actuation system, wherein the contact force is
reduced when the level of lubricant flow is below a thresh-
old.
[0017] Additionally or alternatively, in this or other em-
bodiments the seal element is a carbon seal element.
[0018] In yet another embodiment, a method of oper-
ating a contacting seal of a gas turbine engine includes
positioning a rotationally fixed seal element in contact
with a rotating seal seat at an interface surface between
the seal seat and the seal element, and actively-control-
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ling a contact pressure between the seal seat and the
seal element at the interface surface utilizing an actuation
system. The contact pressure is based on a level of lu-
bricant flow to the interface surface.
[0019] Additionally or alternatively, in this or other em-
bodiments a plurality of ramp teeth of a rotationally sta-
tionary ramp are meshed with a plurality of follower teeth
of a rotationally movable ramp follower, and the ramp
follower is moved in a circumferential direction relative
to the ramp to adjust the contact pressure at the interface
surface. Circumferential movement of the ramp follower
in a first direction relative to the ramp urges the seal el-
ement toward the seal seat thereby increasing the con-
tact force, and circumferential movement of the ramp fol-
lower in a second direction opposite the first direction
reduces the contact force.
[0020] It will be readily appreciated that where "contact
pressure" is referred to above, this may be considered
as corresponding to "contact force". Thus, in embodi-
ments, "contact pressure" above may be replaced with
"contact force".
[0021] Additionally or alternatively, in this or other em-
bodiments the seal element is biased toward the seal
seat via a wave spring disposed between the seal ele-
ment and the ramp follower.
[0022] Additionally or alternatively, in this or other em-
bodiments the level of lubricant flow is directed to the
interface surface via one or more oil sensors.
[0023] Additionally or alternatively, in this or other em-
bodiments the contact force is reduced when the detect-
ed level of lubricant flow is below a preselected threshold.
[0024] Additionally or alternatively, in this or other em-
bodiments the contact force is increased when the de-
tected level of lubricant flow is above the preselected
threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The following descriptions are provided by way
of example only and should not be considered limiting in
any way. With reference to the accompanying drawings,
like elements are numbered alike:

FIG. 1 is a partial cross-sectional view of a gas tur-
bine engine;

FIG. 2 is a cross-sectional view of an embodiment
of a contacting seal for a gas turbine engine; and

FIG. 3 is another cross-sectional view of an embod-
iment of a contacting seal for a gas turbine engine
along section A-A of FIG. 2;

FIG. 4 is yet another cross-sectional view of an em-
bodiment of a contacting seal for a gas turbine engine
along section A-A of FIG. 2.

DETAILED DESCRIPTION

[0026] A detailed description of one or more embodi-
ments of the disclosed apparatus and method are pre-
sented herein by way of exemplification and not limitation
with reference to the Figures.
[0027] FIG. 1 schematically illustrates a gas turbine
engine 20. The gas turbine engine 20 is disclosed herein
as a two-spool turbofan that generally incorporates a fan
section 22, a compressor section 24, a combustor section
26 and a turbine section 28. Alternative engines might
include other systems or features. The fan section 22
drives air along a bypass flow path B in a bypass duct,
while the compressor section 24 drives air along a core
flow path C for compression and communication into the
combustor section 26 then expansion through the turbine
section 28. Although depicted as a two-spool turbofan
gas turbine engine in the disclosed non-limiting embod-
iment, it should be understood that the concepts de-
scribed herein are not limited to use with two-spool tur-
bofans as the teachings may be applied to other types
of turbine engines including three-spool architectures.
[0028] The exemplary engine 20 generally includes a
low speed spool 30 and a high speed spool 32 mounted
for rotation about an engine central longitudinal axis A
relative to an engine static structure 36 via several bear-
ing systems 38. It should be understood that various
bearing systems 38 at various locations may alternatively
or additionally be provided, and the location of bearing
systems 38 may be varied as appropriate to the applica-
tion.
[0029] The low speed spool 30 generally includes an
inner shaft 40 that interconnects a fan 42, a low pressure
compressor 44 and a low pressure turbine 46. The inner
shaft 40 is connected to the fan 42 through a speed
change mechanism, which in exemplary gas turbine en-
gine 20 is illustrated as a geared architecture 48 to drive
the fan 42 at a lower speed than the low speed spool 30.
The high speed spool 32 includes an outer shaft 50 that
interconnects a high pressure compressor 52 and high
pressure turbine 54. A combustor 56 is arranged in ex-
emplary gas turbine 20 between the high pressure com-
pressor 52 and the high pressure turbine 54. An engine
static structure 36 is arranged generally between the high
pressure turbine 54 and the low pressure turbine 46. The
engine static structure 36 further supports bearing sys-
tems 38 in the turbine section 28. The inner shaft 40 and
the outer shaft 50 are concentric and rotate via bearing
systems 38 about the engine central longitudinal axis A
which is collinear with their longitudinal axes.
[0030] The core airflow is compressed by the low pres-
sure compressor 44 then the high pressure compressor
52, mixed and burned with fuel in the combustor 56, then
expanded over the high pressure turbine 54 and low pres-
sure turbine 46. The turbines 46, 54 rotationally drive the
respective low speed spool 30 and high speed spool 32
in response to the expansion. It will be appreciated that
each of the positions of the fan section 22, compressor
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section 24, combustor section 26, turbine section 28, and
fan drive gear system 48 may be varied. For example,
gear system 48 may be located aft of combustor section
26 or even aft of turbine section 28, and fan section 22
may be positioned forward or aft of the location of gear
system 48.
[0031] The engine 20 in one example is a high-bypass
geared aircraft engine. In a further example, the engine
20 bypass ratio is greater than about six (6), with an ex-
ample embodiment being greater than about ten (10),
the geared architecture 48 is an epicyclic gear train, such
as a planetary gear system or other gear system, with a
gear reduction ratio of greater than about 2.3 and the low
pressure turbine 46 has a pressure ratio that is greater
than about five. In one disclosed embodiment, the engine
20 bypass ratio is greater than about ten (10:1), the fan
diameter is significantly larger than that of the low pres-
sure compressor 44, and the low pressure turbine 46 has
a pressure ratio that is greater than about five (5:1). Low
pressure turbine 46 pressure ratio is pressure measured
prior to inlet of low pressure turbine 46 as related to the
pressure at the outlet of the low pressure turbine 46 prior
to an exhaust nozzle. The geared architecture 48 may
be an epicyclic gear train, such as a planetary gear sys-
tem or other gear system, with a gear reduction ratio of
greater than about 2.3:1. It should be understood, how-
ever, that the above parameters are only exemplary of
one embodiment of a geared architecture engine and
that the present disclosure is applicable to other gas tur-
bine engines including direct drive turbofans.
[0032] A significant amount of thrust is provided by the
bypass flow B due to the high bypass ratio. The fan sec-
tion 22 of the engine 20 is designed for a particular flight
condition--typically cruise at about 0.8 Mach and about
35,000 feet (10,668 meters). The flight condition of 0.8
Mach and 35,000 ft (10,668 meters), with the engine at
its best fuel consumption--also known as "bucket cruise
Thrust Specific Fuel Consumption (’TSFC’)"--is the in-
dustry standard parameter of lbm of fuel being burned
divided by lbf of thrust the engine produces at that min-
imum point. "Low fan pressure ratio" is the pressure ratio
across the fan blade alone, without a Fan Exit Guide Vane
("FEGV") system. The low fan pressure ratio as disclosed
herein according to one non-limiting embodiment is less
than about 1.45. "Low corrected fan tip speed" is the ac-
tual fan tip speed in ft/sec divided by an industry standard
temperature correction of [(Tram °R)/(518.7 R)]0.5. The
"Low corrected fan tip speed" as disclosed herein ac-
cording to one non-limiting embodiment is less than
about 1150 ft/second (350.5 m/sec).
[0033] Referring now to FIG. 2, the bearing systems
38 (shown in FIG. 1) are sealed to maintain a supply of
lubrication and cooling oil within the bearing systems 38,
also referred to herein as a bearing compartment. The
seal arrangement at the bearing system 38 includes a
seal seat 60 and a seal element 62 in contact with the
seal seat 60 at an interface surface 64. The seal seat 60
is operably connected to and rotates with a rotating com-

ponent of the gas turbine engine 20, for example, the
inner shaft 40 or the outer shaft 50. The seal element 62
is formed from, for example, carbon. The seal arrange-
ment generates a high degree of friction, and to reduce
friction and dissipate heat generated at the interface sur-
face 64 a flow of lubricant, for example, oil, is directed
through the seal seat 60 to the interface surface 64 via
a plurality of oil flow channels (not shown). The seal ar-
rangement described herein is a wet-face seal, with lu-
bricant provided to the interface surface 64. One skilled
in the art will readily appreciate, however, that the present
disclosure may be readily applied to dry-face seal ar-
rangements in which lubricant is provided through chan-
nels in the seal seat 60, but not directed to the interface
surface 64.
[0034] The seal element 62 is retained in a seal carrier
66, which is movable along an axial direction 68 parallel
to the engine central longitudinal axis A. The seal carrier
66 is circumferentially retained by one or more anti-rota-
tion guides 76 secured to the static structure 74. The anti-
rotation guide 76 extends axially though an anti-rotation
opening 78 in the seal carrier 66. The anti-rotation guide
76 may further include an anti-rotation stop 80 at an axial
end of the anti-rotation guide 76. In some embodiments,
a secondary seal 70 extends between the static structure
74 and the seal element 62, with the seal element 62
translatable along the axial direction 68 relative to the
secondary seal 70. In some embodiments, the secondary
seal 70 is retained in a seal groove 72 in the static struc-
ture 74.
[0035] The position of the seal element 62 relative to
the seal seat 60 is actively controlled such that a contact
force between the seal element 62 and the seal seat 60
at the interface surface 64 may be selectably varied. For
example, when there is sufficient lubricant flow to the
interface surface 64 the seal element 62 may be moved
so that the contact force is relatively high, but when the
flow of lubricant to the interface surface 64 is below a
threshold the seal element 62 is moved axially away from
the seal seat 60 to reduce the contact force thus reducing
damage to the seal element 62 until sufficient oil flow to
the interface surface 64 is restored. To actively control
the position of the seal element 62 relative to the seal
seat 60, the seal arrangement includes a wave spring
82, a ramp 84 and a ramp follower 88, as will be described
in further detail below with reference to FIG. 3.
[0036] Referring now to FIG. 3, illustrated is a sche-
matic view of an actively-controlled actuation system for
a seal element 62. The wave spring 82 abuts the seal
carrier 66 and applies an axial force on the seal carrier
66 to urge the seal element 62 into contact with the seal
seat 60. The axial force applied by the wave spring 82
varies through the use of a ramp 84 and ramp follower
88 arrangement located at the wave spring 82 opposite
the seal carrier 66. The rotationally stationary ramp 84
includes a plurality of circumferentially-spaced ramp
teeth 86. In some embodiments, the ramp 84 is a full
circumferential ring. In other embodiments, the ramp may
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comprise a plurality of circumferential ramp segments.
The ramp follower 88 is disposed axially between the
ramp 84 and the wave spring 82. The ramp follower 88
includes a plurality of complimentary follower teeth 90.
Each follower tooth 90 of the plurality of follower teeth 90
meshes with a ramp tooth 86 of the plurality of ramp teeth
86. The ramp follower 88 is movable in the circumferential
direction 92.
[0037] Moving the ramp follower 88 in the first circum-
ferential direction 92, downward on the page as shown
in FIG. 3, causes the plurality of follower teeth 90 to ride
up their respective ramp teeth 86, thereby resulting in
axial movement of the ramp follower 88 toward the seal
seat 60. This movement urges the wave spring 82 to
exert increased axial force on the seal carrier 66, thus
increasing the contact force between the seal seat 60
and the seal element 62 at the interface surface 64. Con-
versely, moving the ramp follower 88 in the second cir-
cumferential direction 92, upward on the page as shown
in FIG. 3, causes the plurality of follower teeth 90 to ride
down their respective ramp teeth 86, thereby resulting in
axial movement of the ramp follower 88 away from the
seal seat 60. This movement relaxes the wave spring 82,
thus reducing the contact force between the seal seat 60
and the seal element 62 at the interface surface 64.
[0038] The position of the ramp follower 88 is actively
controlled via, for example, a hydraulic actuator 94. The
hydraulic actuator 94 is operably connected to the ramp
follower 88 to urge circumferential motion of the ramp
follower 88. The hydraulic actuator 94 utilizes a flow of
hydraulic fluid from, for example, an accumulator 96,
urged to and/or from the hydraulic actuator 94 by the
engine oil pump 104 as shown in FIG. 3. While a hydraulic
actuator 94 is described herein to drive motion of thee
ramp follower 88, it is to be appreciated that in other em-
bodiments other types of actuators such as, for example,
electromechanical actuators may be used.
[0039] In another embodiment, as illustrated in FIG. 4,
the hydraulic actuator 94 is operably connected to the
ramp follower 88 to urge circumferential motion of the
ramp follower 88. The hydraulic actuator 94 utilizes a flow
of hydraulic fluid from, for example, an accumulator 96,
urged to and/or from the hydraulic actuator 94 by a sep-
arate hydraulic pump 98.
[0040] A flow of oil is urged through one or more oil
flow channels 100 in the seal seat 60 to the interface
surface 64. The oil flow channels 100 are supplied with
the flow of oil through one or more oil lines 102 connected
to an oil pump 104. In some embodiments one or more
oil sensors 106 are disposed at the oil pump 104 or along
the one or more oil lines 102 to detect the flow of oil
therethrough. The oil sensors 106 may be, for example,
oil pressure sensors. The oil sensors 106 and the hy-
draulic actuator 94 and/or the hydraulic pump 98 are con-
nected to a system controller 108. When the oil sensor
106 detects a flow of oil below a preselected threshold,
for example, an oil pressure below a pressure threshold,
the system controller 108 commands the hydraulic actu-

ator 94 to move the ramp follower 88 in the second cir-
cumferential direction 92, upward on the page as shown
in FIG. 3, causing the plurality of follower teeth 90 to ride
down their respective ramp teeth 86, thereby resulting in
axial movement of the ramp follower 88 away from the
seal seat 60. This movement relaxes the wave spring 82,
thus reducing the contact force between the seal seat 60
and the seal element 62 at the interface surface 64. This
reduces the potential for damage to the seal element 62
and/or the seal seat 60 due to high friction conditions due
to the reduced oil flow.
[0041] When the oil sensor 106 detects that the oil
pressure has returned to above the threshold the system
control 108 commands the hydraulic actuator 94 to move
ramp follower 88 in the first circumferential direction 92,
downward on the page as shown in FIG. 3, causing the
plurality of follower teeth 90 to ride up their respective
ramp teeth 86, thereby resulting in axial movement of the
ramp follower 88 toward the seal seat 60. This movement
urges the wave spring 82 to exert increased axial force
on the seal carrier 66, thus increasing the contact force
between the seal seat 60 and the seal element 62 at the
interface surface 64.
[0042] The seal element 62 position control system
and method disclosed herein reduces friction and heat
generation at the interface surface 64 thereby reducing
damage due to oil flow interruption. This reduces damage
to the seals during such events and thereby extends the
service life of the seal elements 62 and or the seal seats
60.
[0043] The term "about" is intended to include the de-
gree of error associated with measurement of the partic-
ular quantity based upon the equipment available at the
time of filing the application. For example, "about" can
include a range of 6 8% or 5%, or 2% of a given value.
[0044] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present disclosure. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprises" and/or "comprising," when
used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, oper-
ations, element components, and/or groups thereof.
[0045] While the present disclosure has been de-
scribed with reference to an exemplary embodiment or
embodiments, it will be understood by those skilled in the
art that various changes may be made and equivalents
may be substituted for elements thereof without depart-
ing from the scope of the present disclosure. In addition,
many modifications may be made to adapt a particular
situation or material to the teachings of the present dis-
closure without departing from the essential scope there-
of. Therefore, it is intended that the present disclosure
not be limited to the particular embodiment disclosed as
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the best mode contemplated for carrying out this present
disclosure, but that the present disclosure will include all
embodiments falling within the scope of the claims.

Claims

1. A contacting seal for a gas turbine engine (20), com-
prising:

a seal seat (60) configured to rotate circumfer-
entially about an axis of rotation (A);
a seal element (62) configured to contact the
seal seat at an interface surface (64), the seal
element rotationally fixed relative to the axis of
rotation; and
an actively-controlled actuation system opera-
bly connected to the seal element to control a
contact force between the seal element and the
seal seat at the interface surface based on a
level of lubricant flow to the interface surface.

2. The contacting seal of claim 1, wherein the actuation
system includes:

a rotationally-stationary ramp (84) including a
plurality of ramp teeth (86);
a rotationally-movable ramp follower (88) includ-
ing a plurality of complimentary follower teeth
(90) meshed with the plurality of ramp teeth;
wherein circumferential movement of the ramp
follower in a first direction relative to the ramp
urges the seal element (62) toward the seal seat
(60) thereby increasing the contact force; and
wherein circumferential movement of the ramp
follower in a second direction opposite the first
direction reduces the contact force.

3. The contacting seal of claim 2, further comprising a
wave spring (82) disposed between the ramp follow-
er (88) and the seal element (62).

4. The contacting seal of claim 2 or 3, further comprising
an actuator (94) operably connected to the ramp fol-
lower (88) configured to urge circumferential move-
ment of the ramp follower relative to the ramp (84).

5. The contacting seal of claim 4, wherein the actuator
(94) is a hydraulic actuator.

6. The contacting seal of any preceding claim, further
comprising one or more oil sensors (106) operably
connected to the actuation system, wherein the con-
tact force is reduced when the level of lubricant flow
is below a threshold.

7. The contacting seal of any preceding claim, wherein
the seal element (62) is a carbon seal element.

8. A gas turbine engine (20), comprising:

a rotating shaft (40; 50);
one or more bearing arrangements (38) support-
ive of the rotating shaft; and
a contacting seal of any preceding claim config-
ured to seal a bearing arrangement of the one
or more bearing arrangements.

9. A method of operating a contacting seal of a gas
turbine engine (20), comprising:

positioning a rotationally fixed seal element (62)
in contact with a rotating seal seat (60) at an
interface surface (64) between the seal seat and
the seal element; and
actively-controlling a contact pressure between
the seal seat and the seal element at the inter-
face surface utilizing an actuation system, the
contact pressure based on a level of lubricant
flow to the interface surface.

10. The method of claim 9, comprising:

meshing a plurality of ramp teeth (86) of a rota-
tionally stationary ramp (84) with a plurality of
follower teeth (90) of a rotationally movable
ramp follower (88); and
moving the ramp follower in a circumferential
direction relative to the ramp to adjust the con-
tact pressure at the interface surface;
wherein circumferential movement of the ramp
follower in a first direction relative to the ramp
urges the seal element (62) toward the seal seat
(60) thereby increasing the contact force; and
wherein circumferential movement of the ramp
follower in a second direction opposite the first
direction reduces the contact force.

11. The method of claim 10, further comprising biasing
the seal element (62) toward the seal seat (60) via
a wave spring (82) disposed between the seal ele-
ment and the ramp follower (88).

12. The method of any of claims 9, 10 or 11, further com-
prising detecting the level of lubricant flow to the in-
terface surface (64) via one or more oil sensors
(106).

13. The method of claim 12, further comprising reducing
the contact force when the detected level of lubricant
flow is below a preselected threshold.

14. The method of claim 12 or 13, further comprising
increasing the contact force when the detected level
of lubricant flow is above the preselected threshold.
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